MIL-101(Cr):
Cr(NO 3 ) 3 ·9H 2 O (800 mg) and terephthalic acid (332 mg) were suspended together in deionized H 2 O (10 mL) in a 23 mL Teflon-lined steel autoclave. HF (1 mL, 2M aqueous solution) was added dropwise, the autoclave was sealed, sonicated for 15 min and heated at 220 °C for 16 h in an oven. After cooling to room temperature, the impurities were filtered-off through a sintered funnel (P2). The filtrate was centrifuged (9000 rpm, 10 min), and the solvent was decanted, affording small dark green crystals. The MOF crystals obtained after decantation of the supernatant were further activated as described in the literature, in order to remove impurities form the pores. MIL-101-NO 2 : H 2 SO 4 (105 mL, conc.) was added slowly over HNO 3 (75 mL, conc.) in a flask cooled on an ice/NaCl bath and the acid mixture was stirred for 10 min. MIL-101 (1.5 g) was added portion-wise over 30 min and the suspension was further stirred for 6 h while maintaining the temperature between -10 °C and -5 °C. The mixture was then poured over ice (500 mL) and further diluted with deionized H 2 O (500 mL). After the ice melted, the suspension was centrifuged at low temperature (9000 rpm, 10 min, 4 °C). The MOF crystals were recovered by decantation and washed several times with cold H 2 O to remove acid traces. For further clearing the pores, the MOF was finally stirred in hot H 2 O (100 mL, 90 °C, 1 h) and hot EtOH (100 mL, 70 °C, 1 h). The activated MOF was recovered upon centrifugation, dried under vacuum and subjected to the reduction reaction. 2 : MIL-101-NO 2 (1350 mg) was suspended in EtOH (99.5%, 240 mL) and heated to 70 °C. SnCl 2 ·2H 2 O (45 g) was added portion-wise and the mixture was further stirred at constant temperature for 6 h. After cooling down, the MOF was recovered by centrifugation, suspended in HCl (100 mL, conc.) and stirred for 1 h at room temperature to wash away Sn residues from the pores. Further activation steps were performed as described in the literature.
MIL-101-NH
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MIL-101-NH-[FeFe]-high (5.28 wt% Fe): Anhydrous CH 2 Cl 2 was collected from a VAC © solvent purification column, subjected to 3 freeze-pump-thaw cycles and stored over MS (4 Å). Fe 2 (c 1 bdt)(CO) 6 (35 mg, 0.075 mmol) and Et 3 N (17 µL, ∼0.12 mmol) were dissolved in CH 2 Cl 2 (20 mL) under Ar and the solution was cooled to 0 °C, in a flask covered in aluminium foil. Ethyl chloroformate (10 µL, ∼0.1 mmol) dissolved in CH 2 Cl 2 (5 mL) was added dropwise to the first solution. The mixture was further stirred for 20 min at 0 °C. Subsequently, the solution was transferred using a cannula to a separate flask covered in aluminium foil containing MIL-101-NH 2 (50 mg) under Ar. Prior to this, the MOF-containing flask had been kept under vacuum at 100 °C for 12 h, to remove all solvent molecules from the MOF's pores. After which the flask was carefully degassed and filled with argon. After transferring the Fe complex, the suspension was stirred at room temperature for 72 h. The suspension was then transferred to a Falcon tube trying to minimize exposure to air. Centrifugation was performed at 9000 rpm for 10 min, in a pre-cooled centrifuge at 4 °C. The supernatant had a pale orange color, suggesting the impregnation of Fe was not quantitative. The resulting solid was subjected to three washing cycles with anhydrous CH 2 Cl 2 (3 x 50 mL), under Ar (the Falcon tube's cap was replaced with a septum, flushed with Ar and shaken for 30 min. at 50 rpm, followed by centrifugation). After 3 cycles the supernatant became completely colorless. The resulting functionalized MOF was dried under vacuum for 12 h at room temperature, avoiding exposure to light.
MIL-101-NH-[FeFe]
-medium (2.35 wt% Fe) was synthesized by a similar procedure using MIL-101-NH 2 (50 mg), Fe 2 (c 1 bdt)(CO) 6 (15 mg, 0.032 mmol), Et 3 N (8 µL) and ethyl chloroformate (5 µL). The time allowed for impregnation was 36 h.
-low (0.59 wt% Fe) was synthesized by a similar procedure using MIL-101-NH 2 (50 mg), Fe 2 (c 1 bdt)(CO) 6 (10 mg, 0.0215 mmol), Et 3 N (5 µL) and ethyl chloroformate (3 µL). The time allowed for impregnation was 16 h.
Chemical reduction experiments:
All samples were prepared inside a dry Ar-glovebox. A dispersion of MOF material (4 mg mL 6 : An acetonitrile solution of Fe 2 (bdt)(CO) 6 (9 mg, 0.021 mmol, 1 mL) was mixed with a cobaltocene solution (41 mg, 21.3 mmol, 3 mL MeCN) under inert atmosphere (glovebox) and IR spectrum of the solution was recorded at regular intervals.
Reduction of Fe 2 (bdt)(CO)
Photocatalysis: An aqueous dispersion of MOF (0.75 mg mL -1 ) was prepared by sonicating the MOF in 1 M acetate buffer. A stock solution containing Ru(bpy) 3 Cl 2 (1 mM) and sodium ascorbate (200 mM) in 1 M acetate buffer was prepared separately and the pH was adjusted to 4.9. This solution (2 mL) was added to the MOF-dispersion (2 mL) and the reaction vessel was sealed (total volume = 4 mL, MOF = 1.5 mg, [Ru(bpy) 3 Cl 2 ] = 0.5 mM, [ascorbate] = 100 mM). After sparging with Ar for 30 min, the mixture was irradiated with blue LED (470 nm) for 6-7 hours. The headspace was sampled by GC to quantify the H 2 evolved. Prior to each experiment, the GC was calibrated using 7.5 % H 2 in argon gas mixture. After photocatalysis, the MOF-material was collected by centrifugation, thoroughly washed with water, and dried under vacuum. The dry MOF was re-dispersed in acetonitrile (0.5 mL) and the FTIR spectrum was recorded (Fig. S9) . Note: Approximately 10-20% (wt) MOF was lost during isolation of the material after photocatalysis experiments.
To record fluorescence microscope images, the photocatalysis was stopped after 30 min. Then the MOF-material was collected by centrifugation, quickly washed with water (1 mL) and methanol (1 mL), and finally dried under vacuum. The fluorescence microscope images were recorded using λ ex = 478 nm and λ em = 550 -642 nm. 
Calculation of number of moles of catalyst inside MOF
Turnover numbers (TON) under photocatalytic condition
TON is defined as the number of moles of H 2 produced by one mole of catalyst. However, it is important to note that, in the present case where a molecular catalyst-MOF hybrid material is used, this TON is the lower estimate as some deeply buried catalytic sites might not be accessible during catalysis. , respectively. The yields of the reduction reaction listed below were determined after 10 min. However, the interpretation of these results should be done with caution. For this procedure, MOFs are typically activated under vacuum for 12 h at 120 °C to remove all volatile guest molecules. It is clear from TGA that such a treatment also decomposes the catalyst. Therefore, catalyst-loaded MOF batches were activated for the same amount of time, under vacuum at ambient temperature. It S8 may be possible that the evacuation of guest molecules was not quantitative in these cases. Calculated surface area differences would then be unreliable because the unwanted guests will also contribute to the drop in the BET value. 
